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Life Cycle Studies With Musk Thistle
M. K. McCarty 1 and C.

J.

Scifres2

INTRODUCTION

Musk thistle (Carduus nutans L.) was added to the Nebraska
noxious weed list in 1959. The Central Plains infestation seems to
be centered and most severe along the Kansas-Nebraska boundary. It
extends to Oklahoma, through Missouri, over much of Iowa, into
Illinois, Wisconsin, Minnesota and South Dakota. Isolated infestations occur as far west as Idaho. It is also found from Kentucky and
Tennessee, through the northeastern states and into Ontario and
Quebec.
Fernald (2) lists musk thistle as a biennial but lists plumeless
thistle (Carduus acanthoides L.), a species similar to musk thistle (4)
and also spreading across Nebraska, as an annual or biennial. McCarty
et al. (4) describe musk thistle as a biennial or winter annual. These
disparities in interpretation of the life history of musk thistle caused
initiation of a study in 1962 to investigate the growth and development of musk thistle in Nebraska. Several hundred musk thistle
plants were observed and measured in the 6-year study which ended in
1967. The seasonal growth activities of part of these plants were used
to define the musk thistle cycle.
Date of application of herbicides for maximum effectiveness relates directly to the life cycle of the weed involved. Musk thistle
plants are killed by treating with 2,4-dichlorophenoxyacetic acid
(2,4-D) during the rosette stage of growth in the spring or fall at
rates of 1 to 2 lb/ A (1). Under adverse conditions and after stem
elongation has begun, control is more difficult.
The objectives of this study were: (a) to determine the normal
life cycle of musk thistle in Nebraska; (b) to determine the variations
from the normal life cycle of musk thistle; and (c) to furnish a summary of the phenology for musk thistle in southeastern Nebraska.
Observations are used freely throughout the text to describe morphological variations occurring within musk thistle that are not easily
quantified.
1 M. K. McCarty is Research Agronomist, Crops Research Division, Agricultural
R esearch Service, U.S. Department of Agriculture, and Associate Professor of Agronomy, University of Nebraska, Lincoln.
2 C. J. Scifres was Assistant Research Agronomist, Crops Research Division, Agricultural Research Service, U .S. Department of Agriculture, University of Nebraska,
Lincoln, and is now Assistant Professor, Brush R esearch, Texas A&M University
Agricultural Research and Extension Center at Lubbock, Texas. Cooperative investigations of the Crops Research Division, Agriculture Research Service, U .S. Department of Agriculture and the Nebraska Agricultural Experiment Station.

Figure l. The beginning of a musk thistle infestation showing isolated plants on
J u ly 5, 1960. The photo was taken near the study site in a weedy bluegrass pasture n ear Lincoln , Nebraska.

MA TE RIALS AND METHODS
A stud y site was selected in a weedy bluegrass (Poa pratensis L.)
pasture n ear Lincoln, Nebraska, which has been used for p asture weed
control studies since 1950. The first few musk thistle plants appeared
in this area in 1953 or 1954. From a few widely scattered plants
(Figure 1), portions of the area h ad fairly uniform infestations b y
1962 (Figure 2) .
Other weed species in the immediate area of the study site were
western ironweed (Vernonia baldwin i Torr.), ragweed (Ambrosia
spp.), common milkweed (Asclepias syriaca L.) and hoary vervain
(Verbena stricta Vent.). A fence was constructed around an area
approximately 20 by 40 ft., on June 25, 1963, to prevent disturbance
by livestock. This exclosure will hereinafter be referred to as the
"study area."
I n 1963, all vegetation was removed from half the study area
2

Figure 2. A serious infestation of musk thistle near the study site in a weedy pasture near Lincoln, Nebraska, on June 18, 1962. The white appearance is
due to mature heads that are open and disseminating achenes.

and left undisturbed in the other. This allowed study of the growth
and development of musk thistle where no other vegetation was growing as compared to growth with natural competition.
Musk thistle seedlings were grouped into four categories according
to time of emergence as follows: mid-April, mid-June, mid- to lateAugust, and late-September to mid-October. After selection of a
population of seedlings for study, a wire stake holding a metal tag
with an identifica tion number was placed beside each plant chosen for
measurement. The number of leaves of the seedlings and later the
diameter of the rosettes were recorded. After bolting, only the height
was recorded until flowering. After the initiation of flowering, the
height and number of flowering heads were recorded and the plant
removed from the study. The natural supply of achenes in the soil
produced enough plants for study until 1965 when the area had to be
reseeded to insure a thistle population.
In 1964, a nursery was established on the East Campus, University
of Nebraska, to study controlled plantings of musk thistle. Musk
thistle achenes were collected from various locations in the state
including the Lincoln area. The musk thistle achenes were planted at
various dates and notes taken on growth activity. Achenes from a
white-flowered type of musk thistle were planted and the resultant
plants observed to determine dominance of the trait.

RESULTS AND DISCUSSION
The Concept of Life Cycle

Three general categories, based on length of time required to
3

complete all growth processes, are used to describe the life cycles
of plants.
Annual plants complete their growth processes, from germination
through dissemination of seed or fruit, in a single growing season.
They emerge in the spring and flower in the summer or fall of the
same year. A winter annual emerges in the fall, spends the winter in
the vegetative form, and blooms and fruits the following spring or
early summer.
Biennials require more than 1 but not more than 2 years to
complete their life processes. They remain vegetative during one
growing season, overwinter in the vegetative or rosette form, and
normally bloom and fruit in late spring or early summer of the next
year.
Perennials live for more than 2 years.
Musk thistle has been observed to vary in the length of time
required to complete its life cycle (4). This variation is undoubtedly
a manifestation of the particular environment in which the seedling is
established. Since this is a form of ecologic behavior, it is possible
that measurable factors such as degree of competition and moisture
are responsible for the fluctuations within a population. The genetic
construction of the individual undoubtedly influences the rate of
development, and this aspect deserves more intensive study.

Seed Production and Germination
Musk thistle produces achenes abundantly over an extended period
during the summer. In eastern Nebraska the terminal head usually
blooms the first week of June. Flowering is determinate, starting with
the terminal head and progressing successively down the stem from
branch to branch. On each branch the terminal head flowers first
with successive flowering toward the main stem. Flowering continues
for 8 to IO weeks from early June to mid-August.
In 1963 large musk thistle plants averaged nearly 10,000 achenes
per plant (3). Taking into account quality of achenes and germination percentage of the achenes, a potential of more than 3,000 seedlings per parent plant exists.
No dormancy mechanism is operative in musk thistle achenes (5).
They emerged from depths to a pproximately 5 cm., did not require a
specific light treatment nor an exogenous source of auxin to germinate. They were stored at low temperatures for at least 160 days with
little or no loss of viability if in a dry state.
However, in a moist environment and under low temperature,
viability dropped rapidly. They were germinated under a range of
15 to 28 C. but germinated best in the upper portion of the range.
They tolerated fairly high moisture tension and salt concentrations
in the germination media. In liquid media, they tolerated a pH range
4

of 3 to 9. Any damage to the achene coat reduced viability. This
implies that deterioration of the achene coat in the soil would decrease
viability.

Determination of Life Cycle
Musk thistle plants which emerged in the fall (October 7) of 1962,
and in the spring (April 15) and summer (June 25 to July 1) of 1963
were staked and observed until June 10, 1964. On July 18, 1963, the
first measurements were taken. Data from 21 of these plants are
given in Table 1.
With later dates of emergence, the plants were smaller, both in
number of leaves and in rosette diameter. This relation was apparent
throughout the growing season but the magnitude of difference in
rosette diameter in October 1963 was not as great (Figure 3 and
Table 1).
Six of the plants acted as true biennials and flowered on June 10,
Table 1. Comparative growth and development of 21 musk thistle plants in the
seedling and rosette stages of growth. Plants emerged in the Fall 1962,
Spring 1963 or Summer 1963 near Lincoln, Nebraska.
Seedling and rosette stage
Date

Avg. no. of leaves
Spring
1963
(6)•

Summer
1963

14
17
21
26
34
42
54

6
7

4
5
6
7

(7)•

1963:

July 18
July 24
Aug. l
Aug. 7
Aug. 15
Aug. 22
Aug. 29
Sept. 5
Sept. 14
Sept. 19
Oct. 7

60

(8)•

IO

12
16
19
24
29
44

IO

12
15
18
23

Fall
1962

Spring
1963

19
23
33
35
44
56
67
73
79
84
87

6
8
13
17
25
36
47
53
63
68
77

\ Summer
1963

3
3
6
9
14
22
33
40
46
52
63

Juvenile stage

1964:
May 9
May 18

Diame ter of rosette (cm.)

Fall
1962

Average height (cm.)

Number bolted

7c
6•

6
5•

19
45

8
8

20
51

19
48

Adult stage

1964:
June IO

Number in bloome

Ii

Average height (cm.)

8

5

ll4

122

12.7

Number in parentheses refers to number of plants used for study.
b Too tightly p acked to count.
c The central branch of one of these plants bolted Oct. 7, 1963, and died. The la teral branches
bloomed at the normal time.
•One plant died before flowering.
•All range from mid- to full-bloom.
a

5

Figure 4. Adult thistle plants on June
12, 1964 shown as rosettes in
Figure 3.

Figure 3. Musk thistle rosettes on Oct.
9, 1963. The two in the foreground emerged on Aug. 20,
1963 and the others behind
the marker on Aug. 3, 1963.

1964 (Figure 4 and Table 1). One died after bolting on May 9, and
before flowering on June 10. All six of the plants that emerged the
spring of 1963 bolted by May 9, 1964. One of these plants died before
flowering, presumably due to dry growing conditions, but the other
five flowered at the same time as those pla nts which emerged in the
fall of 1962.
All eight of the plants that emerged the summer of 1963 flowered
June 10, 1964. The plants that emerged in the fall of 1962 were true
biennials. Those that emerged in the spring of 1963 are also classified
as biennials. They spent a summer and a winter in the vegetative
stage before becoming reproductive in the summer of 1964. Those
emerging in late summer 1963 are classed as winter annuals.
Plants emerging in October a nd flowering the following June, as
will be discussed later, more nearly approximate a winter annual. On
rare occasions, plants that germinate in early spring will mature, much
reduced in size, and bloom in late summer (Figure 5).
In 1964, pla ntings of musk thistle were made in a nursery at
weekly intervals throughout the growing season from June 3 to
September 3. Due to dry growing conditions, emergence of seedlings
from achenes planted August 19 and 25 was delayed until shortly
before emergence from those planted September 3 (Figure 6).
Although seedlings from the last three dates, August 19, 25, and
September 3, developed into very small rosettes, they survived the
winter. No appreci able winter killing of plants was observed from
any of the planting dates. There was a range in size from larger to
smaller of the pla nts from the longer to shorter period from planting
date to maturity.
6

Figure 5. Adult musk thistle plant on July 27, 1964 of reduced size that emerged
on April 16, 1964 and bloomed July 24, 1964.

All plants, regardless of planting dates, flowered in early June of
the following summer (Figure 7). Those plants which emerged in
mid-June and flowered the following June acted as biennials. Those
pl anted in the fall acted as winter annuals. This illustrates the variation that may occur in relation to the timeliness of moisture after
seed dissemination.
Figure 8 illustrates the differences in life cycle that musk thistle
may assume depending on date of emergence. Two of the plants

Figure 6. Musk thistle rosettes on Oct. 16, 1964 from achenes planted at roughly
I-week intervals from June 3 to Sept. 3, 1964 in a nursery located on the
East Campus, University of Nebraska. The three rows on the right are
from the Aug. 19, 25 and Sept. 3 plantings.

7

Figure 7. Adult musk thistle plants on June 4, 1965, from rows seeded at weekly
intervals the previous summer. Same view of nursery as seen in Figure 6.

from the June 3 nursery planting bloomed in November of the same
year. Two plants in the pasture study site emerged in mid-April and
bloomed on July 24. These plants acted as annuals.
Completion of the life cycle in a single growing season is rare but
occasionally occurs under favorable growing conditions.
We measured the growth and development of 14 musk thistle
plants that emerged in mid-August 1963. The rosettes rapidly increased in size up to October 7, 1963 (Table 2). On May 9 of the
following year, all 14 plants had bolted. On June 10, they had all
flowered and were approximately 150 cm. tall. Evidently, the plants
made sufficient growth, during the period of August to October, to
enter the winter in a condition adequate for good growth the next
spring. Records show that a low percentage of rosettes, less than 10
cm. in diameter at first frost, survived the winters of 1965 and 1966.
Undoubtedly, condition of the plants going into the winter has a
definite effect on survival during the winter and on growth the
following spring.
BLOOM

BOLT

t

ROSETTE

t

WINTER ANNUAL
EMERGENCE
JUNE

SEP T.

DEC.

MAR.

JUNE

SEPT.

DEC .

MAR.

Figure 8. Various growth forms displayed by musk thistle in Nebraska.
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Table 2. Growth and development of 14 musk thistle plants from their emergence
in mid-August 1963 to June 10, 1964 in a weedy bluegrass pasture near
Lincoln, Nebraska.
1964

1963
Date

May 9
May 18
June IO
Aug. 15
Aug. 22
Aug. 29
Sept. 5
Sept. 14
Sept. 19
Oct. 7

Seedling and
rosette stage
Avg.
no.
leaves

Juvenile
stage

Diameter
(cm .)

Adult
stage

N o.
bolted

Avg .
height
(cm.)

14
14

26
58

4
7
IO
18
27
34
44

3
5
6
8
12
13

N o.
in
bloom

Avg.
height
(cm .)

14

146

Little mention thus far has been made of seasonal mortality.
Thirty-seven musk thistle plants were staked on June 15, 1966 of
which only 22 flowered the following June 1967 (Table 3). These
rosettes averaged 27 cm. in diameter in August. This was an extremely
dry year. Two plants succumbed to the hot, dry growing conditions
in July 1966. Seven more died before fall. Four rosettes failed to
live through the winter and two plants died after stem elongation.

Effect of Competition

No attempt was made to measure amount of vegetation in the
undisturbed plot. It is thought that presence or absence of other

Table 3. Growth and development of 37 musk thistle plants from June 26, 1966 to
June 15, 1967 in a bluegrass pasture near Lincoln, Nebraska.
Seedlin gs and
rosette stage
Dat e

1966:
June 26
July 7
Aug. 5
Aug. 23
1967:
April 11
May 15
June 15

Avg .
no .
leaves

Diameter
(cm .)

5
7
9
IO

17
17
18
27

Adult
stage

Juvenile
stage

No.
bolted

24

Avg.
he ight
(cm. )

l l.8

80.5

• Too tightly packed to count.
• Dessica ted during hot, dry weather.
c Failed to overwinter.
d R eason for death unknown .
• Defoliated by insects .

9

No .
in
bud

22

Avg.

h~~ds

5.3

No.
dead

vegetation and the resultant reaction is more important at this point
than relative amounts.
Feldman et al. (1) showed that grasses protected from grazing,
especially warm-season tall grasses, were less susceptible to invasion
by musk thistle than those continually and heavily grazed all season
long by livestock. They attributed this to light and moisture relations.
They concluded that germination was less affected than subsequent
growth of the seedlings and rosettes. This has been verified under
laboratory conditions (5). The present study was conducted in the
same pasture as the one by Feldman et al. (1).
On April 15, 35 seedlings of approximately the same size and age
were selected for study. Fifteen seedlings were selected in the undisturbed area and 20 where all surrounding vegetation had been
removed by hand (Table 4). New growth of other vegetation was
removed by hand periodically through the growing season.
During the first few weeks, there was little difference in average size
of the seedlings growing in the two areas. However, by July 7, 1966,
rosettes growing in the area where all competition was removed were
about twice the diameter of those growing under competition. On
April 11 , 1967, the overwintered rosettes from the cleaned area were
about three times the size of those in the undisturbed area. All
plants in the undisturbed area bolted by April 15 and flowered b y
June 15, 1967.
Table 4. Growth and development of 15 musk thistle plants under competition in
a native bluegrass pasture as compared to 20 musk thistle plants growing
where all surrounding vegetation was removed; April 15, 1966 to June 15,
1967 near Lincoln, Nebraska.
Seedling and rosette stage
Date

Competition

1966:
April 26
May 16
June 3
July 7
Aug. s·
Aug. 23
1967:
April ll

Di ameter of rosette (cm .)

Avg. no. of leaves
1 No competition

4
6
6
8
8
9

Competition

3
6
8
17
23
45

No competition

5
8
12
14
14
15

3

15
29
32
52

16

46

IO

Juvenile stage

No. bolted

May 15

Avg. height (cm.)

14"

15

27

43

Adult stage
Avg . no. heads

No. flowered

June 15

15

14"

a Two plants failed to overwinter, four plants did not bolt.

10

6

59

Table 5. Growth and development of 10 musk thistle plants under competition in
a native bluegrass pasture compared to 12 musk thistle plants growing
where all surrounding vegetation was removed; Aug. 5, 1966 to June 15,
1967 near Lincoln, Nebraska.
Seedling and rosette stage

Date

1966:
Aug. 5
Aug. 23
1967:
April 11

1---D-ia_m_e_te_r_o_f_r_os_e_u_
e _(c_m_._l_ _

Avg . no. of leaves
Competition

N o co mpetition

4
4

7

Competition

5

No competition

5

7

6
16

18

41

Juvenile stage
Avg. height (cm .)

No . bolted

May 15

IO"

5•

17

26

Adult stage
Avg . no. heads

No. flowered

Jun e 15

5•

IO"

3

19

a Three rosettes fa iled to overwinter, two did not bolt and averaged 6 cm. in diameter.
b One rosette fail ed to overwinter and one, a rosette of 11 cm . diameter, did not bolt.

Two of the pla nts from the area where all other vegetation had
been removed failed to overwinter. Four more, in the same area,
remained vegetative until late August when they flowered. By June
15, 1967, those plants growing where all other vegetation had been
removed had formed about 10 times as many flowering heads and
were almost twice as tall as those in the undisturbed area.
Another group of seedlings was staked in the same area on
August 5, 1966. Once again, there was little difference in size of
seedlings growing in the two areas (Table 5). On April 11, 1967, the
rosettes overwintering under no competition were about twice as
large as those growing in the weedy bluegrass stand.
However, three of the rosettes in the weedy bluegrass plot failed
to overwinter and two, about 6 cm. in diameter each, did not bolt.
Only one failed to overwinter in the cleaned area and one failed to
bolt by May 15. Those plants growing where all surrounding vegetation had been removed had an average of 19 heads per plant when
terminated on June 15. Those growing in the weedy bluegrass plot
had an average of only three heads per plant.
The da ta imply less production of reproductive parts and this is
true. We have noted that in heavy swards of grass, on low fertility
sites or under some other stress, musk thistle produces fewer flower
bearing bra nches, a nd flowers when much smaller in stature than
plants growing under better conditions. The magnitude of difference,
however, is not as great as reflected in Table 3.
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Table 6. Growth and development of 15 musk thistle plants under competition in
a weedy bluegrass pasture as compared to 16 musk thistle plants growing
where all surrounding vegetation was removed; Oct. 7, 1965 to June 26,
1966.
Seedling and rosette stage
Date

1965:
Oct. 7
Oct. 25
1966:
April 26

Avg. no. of leaves

1---D-ia_m_e_te_r_o_f_r_os_et_te_s_(_cm
_ .)_ _

Competition

No competition

5
8

7

18

19

Competition

No competition

12

IO

13
18

36

43

9

Juvenile stage
Avg. height (cm.)

No. bolted

May 16
June 3

12b
13

9•
9

8

36

12

48

Adult stage
No. flowered

June 26

9

13'

• Three rosettes were dead on October 25, 1963; three remained rosettes.
b One seedling was dead October 25, three were still rosettes on May 16. One of the remaining
rosettes bolted on June 3.
'Two plants were sti\l rosettes, but both flowered by August 23, 1966.

Confounded with this is the additional length of time required
for flowering under stress. Plants in plots free of other vegetation
usually were farther advanced in flowering than those under competition. Comparison of .data in Table 4 and Table 5 indicates that
competition is more severe on those seedlings emerging in late
summer.
Table 6 gives growth patterns assumed by musk thistle plants
categorized as winter annuals. They emerged in the fall and flowered
the following June. Seedlings selected for study in October were
about the same size and age but were a few days older than those used
in previous studies (Table 6). Those in the undisturbed area were
only slightly smaller than those where competition was removed as
they went into the winter.
On April 26, 1966, measurements showed very little difference
among overwintered rosettes. Three small rosettes in the undisturbed
area succumbed before October 25, and three remained vegetative so
that 9 of the original 15 acted as winter annuals and flowered by
June 26.
Where all surrounding vegeta tion was removed, one seedling died
before October 25 and two did not flower by June 26. However, as
opposed to those rosettes under competition that underwent another
winter before flowering, the two rosettes growing on bare soil flowered
by August 23, 1966.
12

Figure 9. A close-up view of the progeny of musk thistle on June 14, 1967 from
achenes of a white-flowered plant planted in August 1966.

Variation in Form and Flower Color

Musk thistle plants exhibited considerable variation in size and
general appearance across Nebraska. In 1965, collections of plants
and achenes were made from 24 locations within Nebraska from
Morrill County in the west to Douglas County in the east and from
the Kansas line to the South Dakota line.
Achenes from 14 counties were planted in the nursery in August
1965 and observed through fall, winter and spring until maturity in
June 1966.
Differences in vegetative growth in the fall were not distinguishable among plants grown from different sites except that those plants
of Morrill County (western Nebraska) origin had a more pronounced
white coloration in the leaf margins.
In the spring, bolting of plants from all sources occurred at about
the same date; the Morrill County material was 3 to 4 days later and
somewhat shorter. First flowering occurred within a 3 to 4-day period
with flower color and form nearly indistinguishable.
Some of the flower heads were bagged before anthesis and the
remainder were left open to wind and insect pollination. The achenes
from these sources were planted in the nursery in August 1966 with
bagged and unbagged samples from the same row planted adjacent to
each other for 1967 comparison. Again only minor variation occurred
with all progeny meeting the description of Carduus nutans L.
As there are scattered infestations of plumeless thistle (Carduus
acanthoides L.) in Nebraska, there was the thought of possible hybridiza tion between the two species. Detailed work done in Canada
indicates that hybridization between the two species is taking place
in eastern Canada (6, 7, 8, 9) . Based on some of the criteria used by
13

these workers to prepare hybridization indexes, the collections made in
Nebraska and their progeny would classify as musk thistle.
In 1965, an infestation of musk thistle was found in a pasture
near Lincoln, Nebraska that had a few, scattered, white-flowered
plants. Achene samples were collected and planted in the nursery at
Lincoln during August 1965. Under the limited competition in the
nursery, the plants acted as winter annuals and matured in June 1966.
A portion of the progeny had white flowers. Achenes from the
white-flowered heads were planted in the nursery in August 1966. In
June 1967 a portion of the progeny had the white flower characteristic (Figure 9).

Phenology

Phenology data have been accumulated for the past nine years on
musk thistle plants growing under natural competition in southeastern Nebraska. Data for the biennial form are given in Table 7.
It should be realized that these are average dates, and that annual
climatic fluctuations greatly affect growth activities of a given year.
Musk thistle achenes may germinate and seedlings emerge from
early spring to late fall. The length of time required from emergence
to flowering may vary from as little as 4 months to a maximum of 22
months (Figure 8). This chart graphically presents the many variations in growth forms of musk thistle plants. Most plants that have
overwintered as a rosette will mature the following summer.
Stem elongation takes place in early May and flowering starts in
early June. Occasionally plants that emerge in early summer will
make a large rosette and start stem elongation in October or early
November. These rare individuals seldom complete flowering in
Nebraska because of frost.

Table 7. Summary of phenological activity of the biennial form of musk thistle in
southeastern Nebraska from 1958 to 1967.
Growth activity

Avg. date

Stem elongation
first bud
Full bud
First bloom
Early to mid-bloom
Seed of first head firm
Seed dissemination

May 7
May 22
June 2
June 13
June 17
June 25
July l

14

SUMMARY
Studies conducted in southeastern Nebraska have shown that musk
thistle may rarely act as an annual but usually behaves as a biennial
or winter annual. Stress from competition, drought or low fertility
has been observed as affecting how soon after emergence the thistles
change from a vegetative to reproductive form.
Musk thistle plants growing where all other competition had been
removed and on a fertile soil were larger, grew faster and produced
more flowering heads than those plants growing with competition.
There was more natural mortality among plants growing under
competition than among those under no competition. This difference
became greater as the emergence date neared late fall. More seedlings that emerged in the spring survived the winter than those that
emerged in late summer and fall.

LITERATURE CITED
1. Feldman, I., M. K. McCarty and C. J. Scifres.
1968. Ecological and control studies with musk thistle. Weed Sci. 16:1-4.
2. Fernald, M. L.
1950. Gray's Manual of Botany, 8th Ed. American Book Co., New York, N. Y.
1631 pp.
3. McCarty, M. K.
1964. New and problem weeds: Musk thistle. NCWCC Proc. 20:62-03.
4. McCarty, M. K., C. J . Scifres and L. R . Robison.
1967. A descriptive guide for major Nebraska thistles. Nebr. Agr. Exp. Sta. Bull.
493. 24 pp.
5. McCarty, M . K., C. J. Scifres, A. L. Smith and G . L. Horst.
1969. Germination a nd early development of musk (Carduus nutans L.) and
plumeless (Carduus acanthoides L.) thistles. Nebr. Res. Bull. 229 (in press).
6. Moore, R. J. and G. A. Mulligan.
1956. Natural hybridization between Carduu s acanthoides a nd Carduus nutans
in Ontario. Can. Jr. Bot. 34:71-85.
7. Moore, R. J. and G. A. Mulligan.
1964. Further studies on natural selection among h ybrids of Carduus acanthoides
a nd Carduus nutans. Can. Jr. Bot. 42:1605-1613.
8. Mulligan, G. A. and C. Fra nkton.
1954. The plumeless thistles (Carduus spp.) in Canada. Can. Field-Nat. Vol. 68:
31-36.
9. Mulligan, G . A. and R. J. Moore.
1961. Natural selection among h ybrids between Carduus acanthoides and C.
nutans in Onta rio. Can. Jr. Bot. 39:269-279.

15

